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SYSTEM AND METHOD FOR ESTIMATING
AN AMOUNT OF PARTICULATE MATTER
ACCUMULATED IN A PARTICULATE FILTER

TECHNICAL FIELD

A system and method generally relates to estimating an
amount ol particulate matter accumulated 1n a particulate
filter of an exhaust system.

BACKGROUND

An exhaust system for a vehicle may include a particulate
filter. If the engine 1s a diesel engine, then the particulate filter
1s referred to as a diesel particulate filter. The particulate filter
traps particulate matter, 1.e., soot, from the exhaust gas of the
engine. The particulate filter may include one or more sub-
strates that define a plurality of apertures, through which the
exhaust gas must flow. The particulate matter collects on the
substrate as the exhaust gas flows through the apertures. The
particulate filter 1s occasionally regenerated to remove the
collected particulate matter from the substrate. Regeneration
of the particulate filter includes heating the particulate filter to
a temperature suilicient to burn the collected particulate mat-
ter. The burnt particulate matter 1s converted to carbon diox-
1ide that dissipates into the atmosphere.

A soot module may be employed to estimate and predict
soot accumulation within the particulate filter to assist 1n
determining when the particulate filter 1s required to be regen-
erated. When the module estimates that the soot accumulation
has reached a predefined threshold, the particulate filter may
be regenerated.

SUMMARY

A method of estimating an amount of particulate matter
accumulated 1n a particulate filter of an exhaust system
includes mnitializing a control processor, including preloading
a memory location with a plurality of hybrid models. Each of
the plurality of hybrid models 1s configured to estimate an
amount of particulate matter accumulated 1n the particulate
filter between a pair of operating points, as a function of at
least one operating condition. A soot estimation value that
corresponds to an estimated amount of particulate matter
accumulated 1n the particulate filter 1s temporarily stored 1n
the memory location. At one of the pair of operating points, an
amount of particulate matter accumulated 1n the particulate
filter between the pair of operating points for each of the
plurality of hybrid models 1s estimated. Each of the estimated
amounts ol particulate matter accumulated 1n the particulate
filter between the pair of operating points are added, via the
control processor, to the soot estimation values stored 1n the
corresponding memory location for each of the plurality of
hybrid models to provide a soot estimation value of a cumu-
lative estimated amount of particulate matter contained in the
particulate filter for each of the plurality of hybrid models.
One of the plurality of hybrid models 1s selected. The esti-
mated amount of particulate matter accumulated 1n the par-
ticulate filter between the pair of operating points of the
selected one of the plurality of hybrid models 1s added to the
soot estimation value stored 1in the memory location that
corresponds to a ranked hybrid model to provide a soot esti-
mation value of a cumulative estimated amount of particulate
matter contained 1n the particulate filter for the ranked hybrid
model.

A method of estimating an accumulation of particulate
matter 1 a particulate filter operatively connected to an
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engine ol a vehicle includes operating the engine. A control
processor 1s iitialized, including preloading a memory loca-
tion with a plurality of hybrid models. Each of the plurality of
hybrid models 1s configured to estimate an amount of particu-
late matter accumulated 1n the particulate filter between a pair
of operating points of the engine, as a function of at least one
operating condition of the engine, the exhaust system, or the
vehicle. The method further includes temporarily storing in
the memory location a soot estimation value corresponding to
an estimated amount of particulate matter accumulated in the
particulate filter and estimating, at one of the pair of operating,
points, an amount of particulate matter accumulated 1n the
particulate filter between the pair of operating points for each
of the plurality of hybrid models. Each of the estimated
amounts of particulate matter accumulated in the particulate
filter between the pair of operating points 1s added to the soot
estimation values stored 1n the corresponding memory loca-
tion for each of the plurality of hybrid models to provide a
soot estimation value of a cumulative estimated amount of
particulate matter contained in the particulate for each of the
plurality of hybrid models. One of the plurality of hybnd
models 1s selected and the estimated amount of particulate
matter accumulated 1n the particulate filter between the pair
ol operating points of the selected one of the plurality of
hybrid models 1s added to the soot estimation value stored in
the memory location that corresponds to a ranked hybnd
model to provide a soot estimation value of a cumulative
estimated amount of particulate matter contained 1n the par-
ticulate filter for the ranked hybrid model.

A vehicle includes an engine, an exhaust system, and a
particulate estimation system. The exhaust system includes a
particulate filter that 1s operatively connected to the engine
and that 1s configured for collecting particulate matter
exhausted from the engine. The particulate estimation system
1s configured for estimating a mass of particulate matter accu-
mulated in the particulate filter. The particulate estimation
system includes a memory device configured for storing at
least one soot estimation value and a plurality of hybnd
models and a control processor. The control processor 1s
operable for preloading a memory location with a plurality of
hybrid models. Each of the plurality of hybrid models 1s
configured to estimate an amount of particulate matter accu-
mulated 1n the particulate filter between a pair of operating
points of the engine, as a function of at least one operating
condition of the engine, the exhaust system, or the vehicle. A
soot estimation value corresponding to an estimated amount
of particulate matter accumulated in the particulate filter 1s
temporarily stored in the memory location. At one of the pair
of operating points, an estimation 1s made as to an amount of
particulate matter accumulated in the particulate filter
between the pair of operating points for each of the plurality
of hybrid models. Each of the estimated amounts of particu-
late matter accumulated 1n the particulate filter between the
pair of operating points 1s added to the soot estimation values
stored 1n the corresponding memory location for each of the
plurality of hybrid models to provide a soot estimation value
of a cumulative estimated amount of particulate matter con-
tained in the particulate filter for each of the plurality of
hybrid models. One of the plurality of hybrid models 1s
selected. The estimated amount of particulate matter accu-
mulated 1n the particulate filter between the pair of operating
points of the selected one of the plurality of hybrid models 1s
added to the soot estimation value stored in the memory
location that corresponds to a ranked hybrid model to provide
a soot estimation value of a cumulative estimated amount of
particulate matter contained 1n the particulate filter for the

ranked hybrid model.
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The above features and advantages and other features and
advantages of the present invention are readily apparent from
the following detailed description of the best modes for car-
rying out the invention when taken in connection with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of vehicle including an
engine and an exhaust system having a particulate filter and a
particulate estimation system configured for estimating an
amount of particulate matter accumulated 1n the particulate
filter;

FIG. 2 1s a schematic tlow chart diagram of a method for
estimating the amount of particulate matter accumulated 1n
the particulate filter, such as that shown 1n FIG. 1; and

FI1G. 3 1s another schematic flow chart diagram of a method
for estimating the amount of particulate matter accumulated
in the particulate filter, such as that shown in FIG. 1.

DETAILED DESCRIPTION

Referring to FIG. 1, wherein like numerals indicate like
parts throughout the several views, a vehicle 1s shown gener-
ally at 10. The vehicle 10 includes an engine 12, an exhaust
system 14, and a particulate estimation system 16.

The exhaust system 14 directs and treats exhaust gas from
the engine 12. The exhaust system 14 includes a particulate
filter 18 that 1s operatively connected to the engine 12. The
particulate filter 18 1s configured to filter particulate matter,
1.€., soot, exhausted from the engine 12. The engine 12 may be
a diesel engine, a gasoline engine, or any other engine which
produces particulate matter during a combustion process. The
particulate filter 18 may include one or more substrates 20
that define a plurality of apertures, through which the exhaust
gas must tlow. The particulate matter collects on the substrate
20 as the exhaust gas flows through the apertures. The par-
ticulate filter 18 1s occasionally selectively cleaned or regen-
erated to remove the collected particulate matter from the
substrate 20. Regeneration of the particulate filter 18 includes
heating the particulate filter 18 to a temperature suificient to
burn the collected particulate matter. The burnt particulate
matter 1s converted to carbon dioxide that dissipates 1nto the
atmosphere.

The particulate estimation system 16 1s configured for esti-
mating a mass of particulate matter accumulated in the par-
ticulate filter 18. The particulate estimation system 16
includes a control processor 22 having a memory device 24
and a controller 26. The memory device 24 1s configured for
storing at least one soot estimation value and a plurality of
hybrid models 32 1n a memory location 25, as described in
more detail below. The hybrid models 32 are selectively
accessible by the control processor 22.

In general, computing systems and/or devices, such as the
control processor 22, may employ any of a number of com-
puter operating systems and generally include computer-ex-
ecutable instructions, where the 1nstructions may be execut-
able by one or more computing devices such as those listed
above. Computer-executable instructions may be compiled or
interpreted from computer programs created using a variety
of well known programming languages and/or technologies,
including, without limitation, and either alone or 1n combi-
nation, Java™, C, C++, Visual Basic, Java Script, Perl, etc. In
general, a processor (e.g., a miCroprocessor) recerves mstruc-
tions, e.g., from a memory, a computer-readable medium,
etc., and executes these mstructions, thereby performing one
or more processes, including one or more of the processes
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4

described herein. Such instructions and other data may be
stored and transmitted using a variety of known computer-
readable media.

A computer-readable medium (also referred to as a proces-
sor-readable medium) includes any non-transitory (e.g., tan-
gible) medium that participates 1 providing data (e.g.,
instructions) that may be read by a computer (e.g., by a
processor ol a computer). Such a medium may take many
forms, including, but not limited to, non-volatile media and
volatile media. Non-volatile media may include, for example,
optical or magnetic disks and other persistent memory. Vola-
tile media may include, for example, dynamic random access
memory (DRAM), which typically constitutes a main
memory. Such instructions may be transmitted by one or
more transmission media, including coaxial cables, copper
wire and fiber optics, including the wires that comprise a
system bus coupled to a processor of a computer. Common
forms of computer-readable media include, for example, a
floppy disk, a flexible disk, hard disk, magnetic tape, any
other magnetic medium, a CD-ROM, DVD, any other optical
medium, punch cards, paper tape, any other physical medium
with patterns of holes, a RAM, a PROM, an EPROM, a
FLASH-EEPROM, any other memory chip or cartridge, or
any other medium from which a computer can read.

Each of the plurality of hybrid models 32 may include one
or more modules. Each module may be an algorithm that 1s
executed by the controller 26 to calculate an estimated
amount of particulate matter accumulated 1n the particulate
filter 18 between operating points 28, 30 of the engine 12,
based on one or more operating conditions of the engine 12,
the vehicle 10, and/or the exhaust system 14. Each module 1s
configured to uniquely estimate an amount of the particulate
matter accumulated withuin the particulate filter 18 over a
period of time or mileage to assist in the determination of
when to regenerate the particulate filter 18. These modules
may be of the type generally known 1n the art. Each module
measures the theoretical accumulation of soot 1n the particu-
late filter 18 based on 1mnput signals associated with that spe-
cific module. The input signals are a function of one or more
operating conditions. Examples of the operating conditions
may include, but are not limited to, altitude, vehicle speed,
engine speed, engine load, temperature, and the like. The
modules may be any type of module, as known to those
skilled 1n the art. The soot estimate from the modules are
ranked based on the evaluation of the mput signals as a func-
tion of various operating conditions. One or more of the
modules may then be combined to form a plurality of difier-
ent hybrid models 32. Each hybrid model 32 1s then ranked
based on the ranking of the mput modules, which make up
cach of the individual hybrid models 32. Ranking may be
performed on each of the hybrid models 32 to rank the soot
estimation accuracy, 1.e., the accuracy of the prediction of the
rate at which particulate matter 1s accumulating or the accu-
racy of the prediction of the amount of particulate matter that
has accumulated 1n the particulate filter 18, at various ditier-
ent operating conditions or input signals. This means that the
hybrid models 32 are tightly connected to their specific input
signal. For example while one hybrid model 32 may be more
accurate at altitudes above 5,000 feet, another hybrid model
32 may be more accurate at engine speeds exceeding 3,000
revolutions per minute (RPM). Therefore, as the engine 12
operates, different hybrid models 32 may be more accurate
between different operating points 28, 30 of the engine 12
and/or vehicle 10.

Referring to FIGS. 2 and 3, the controller 26 1s operable for
executing a method 100 to estimate the accumulation of par-
ticulate matter 1n the particulate filter 18 of the exhaust system




US 8,484,955 B2

S

14 during engine 12 operation. More specifically, the method
100 1s configured to estimate the accumulation of particulate
matter 1n the particulate filter 18 during normal engine 12
operation, 1.e., a loading mode, and during engine 12 opera-
tion when regenerating of the particulate filter 18, 1.e., an
unloading mode. Since each hybrid model 32 1s tightly linked
to one or more operating conditions, the accuracy of each
hybrid model 32 needs to be considered when estimating the
accumulation of particulate matter 1n the particulate filter 18.
Addltlenally,, during regeneration of the partleulate filter 18,
the engine 12 may be much less eflicient 1n combusting the
fuel, which results 1n a decrease 1n fuel economy. Accord-
ingly, the particulate matter accumulated 1n the particulate
filter 18 may be more accurately estimated using different sets
of hybrid models 32, 1.e., unloading models of the unloading
mode, as opposed to when the vehicle 10 1s 1n the loading
mode.

Referring again to FIGS. 2 and 3, the method 100 includes
iitializing the control processor 22 at step 110, which may
include preloading the memory location 25 with the plurality
of the hybrid models 32 and a soot estimation value associ-
ated with each of the hybrid models 32. The soot estimation
value 1s the estimated quantity of particulate matter 1n the
particulate filter 18. When preloading the memory location 25
with the soot estimation value, the value may be zero 11 the
particulate filter 18 has not been previously exposed to par-
ticulate matter. The plurality of hybrid models 32 may be
associated with the loading mode and/or the unloading mode.
As described above, each hybrid model 32 1s configured to
estimate an amount of particulate matter accumulated 1n the
particulate filter 18 between operating points 28, 30, as a
function of at least one operating condition. The operating
points 28, 30 may be time increments, 1.¢., every 0.5 mulli-
seconds (ms) and the like. However, other operating points, as
known to those skilled 1n the art may also be used.

Referring to FIG. 3, at step 112, the loading mode or the
unloading mode 1s selected in order to determine which of the
plurality of hybrid models 32 are to be used. The loading
mode or the unloading mode may be selected by the controller
26.

Referring again to FIGS. 2 and 3, when the engine 12
operates and an operating point 28 1s achieved, an estimation
1s made as to the amount of particulate matter accumulated 1n
the particulate filter 18 between the achieved operating point
28 and a previous operating point 30 at step 114. The estima-
tion may be made by the controller 26 by executing the
algorithms associated with each of the hybrid models 32, as a
function of the operating conditions. Therefore, i1 there are
s1X hybrid models 32, for example, the controller 26 waill
generate six separate corresponding estimations.

Referring to FIG. 3, the amount of particulate matter being,
accumulated 1n the particulate filter 18 may be measured by
the control processor 22 as a tlow rate, 1.¢., grams per second
(g/s) and/or as amass, 1.€., grams (g). It should be appreciated
that the soot rate may represent a positive or a negative rate of
accumulation. When the accumulation of particulate matter 1s
being estimated by the controller 26 as a rate, at step 115, the
control processor 22 integrates the estimated rate of accumus-
lation of particulate matter 1n the particulate filter 18 for each
of the hybrid models 32 to provide an estimated amount of
mass of particulate matter accumulated in the particulate filter
18 between the operating points 28, 30 for each of the plural-
ity of hybrid models 32. Additionally, the amount of particu-
late matter accumulated in the particulate filter 18 can also be
evaluated 1n terms of total amount, 1.e., mass accumulated in
the particulate filter 18, instead of being evaluated 1n terms of
the flow rate of accumulation.
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Referring again to FIGS. 2 and 3, the controller 26 accesses
the memory location 25 at step 118 to determine the tempo-
rarily stored soot estimation value associated with each
hybrid model 32 that was attained at the previous operating
point 30. This stored soot estimation value 1s stored as a mass.
IT the engine 12 has not previously operated, the temporary
soot estimation value will be the soot estimation value pre-
loaded 1n the memory location 25. If, however, the engine 12
has previously operated, the previous operating point 30 will
be an operating point associated with the soot estimation
values temporarily stored in the memory location 25 for each
of the plurality of hybrid models 32. The temporarily stored
soot estimation values that were retrieved from the memory
location at step 118 are added to the estimated amount of mass
ol particulate matter accumulated in the particulate filter 18
between the operating points 28, 30 for each of the plurality of
hybrid models 32, as determined during the integration step
115, to provide cumulative soot estimation values of the total
estimated amount of particulate matter accumulated in the
particulate filter 18 for each of the plurality of hybrid models
32.

Referring to FIG. 3, at step 116, each of the plurality of
hybrid models 32 are ranked based on the soot estimation
accuracy of each hybrid model 32 between the previous pair
of operating points 28, 30. As discussed above, the accuracy
of each hybrid model 32 1s a function of the operating condi-
tions. The accuracy of each hybrid model 32, which 1s a
function of one or more operating conditions, may be 1nput
into the control processor 22 during the initialization step
110. Ranking each of the plurality of hybrid models 32 waill
allow for the creation of a ranked hybrid model 34 that incor-
porates the soot estimation value associated with the highest
ranked hybrid model 34. Theretfore, the ranked hybrid model
34 may provide the most accurate soot estimation value.

To create the ranked hybrid model 34, at step 120, the
highest ranked model 1s selected, as shown in FIGS. 2 and 3.
The selection may be made by the controller 26. It should be
appreciated that the selection may also be made 1n any other
way known to those skilled in the art. Therefore, the hybnd
model 32 having the highest ranking between the achieved or
current operating point 28 and the previous operating point
30, 1.e., the most accurate, 1s selected by controller 26 to
create or modily the ranked hybrid model 34.

At step 122, when the accumulation of particulate matter 1s
being estimated by the controller 26 at step 114 as a rate, the
control processor 22 integrates the estimated rate of accumus-
lation of particulate matter 1n the particulate filter 18 between
the operating points 28, 30 for the selected highest ranked
model 32. Additionally, the amount of particulate matter
accumulated 1n the particulate filter 18 an also be evaluated 1n
terms of total amount, 1.e., mass accumulated 1n the particu-
late filter 18, instead of being evaluated in terms of the flow
rate of accumulation.

The controller 26 retrieves the soot estimation value from
the memory location 25 at step 124 to determine the previ-
ously stored soot estimation value associated with the ranked
hybrid model 34. If the engine 12 has not previously operated,
the soot estimation value for the ranked hybrid model 34 will
be the soot estimation value preloaded 1n the memory location
25. If, however, the engine 12 has previously operated, the
previous operating point 30 will be an operating point asso-
ciated with the soot estimation value temporarily stored in the
memory location 25 for the ranked hybrid model 34. The
temporarily stored soot estimation value 1s added via the
controller 26 to the soot estimation value corresponding to the
achieved operating point 28 for the selected, 1.e., highest
ranked, hybrid model 32 to provide a cumulative soot estima-
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tion value of the total estimated amount of particulate matter
accumulated 1n the particulate filter 18 for the ranked hybrnid
model 34. It should be appreciated that the controller 26 may
be a different controller 26 or the addition may be 1mple-
mented in any other way, as known to those skilled in the art. >
Referring to FIG. 3, once the cumulative soot estimation
values for each of the plurality of hybrid models 32 and the
ranked hybrid model 34 are attained at steps 118 and 124,
respectively, a determination 1s made at step 126 as to whether

the loading mode or the unloading mode was previously
selected at step 112.

If the loading mode was selected, a limit may be assigned
to each of the plurality of hybrid models 32 at step 128. Each
hybrid model 32 may have a dynamic limit that 1s a function
of at least one operating condition of the engine 12. An
algorithm may be used to vary the limits dynamically as the
engine 12 and/or vehicle 10 and/or the exhaust 14 operates.
Conversely, the ranked hybrid model 34 may have a static or
a fixed limait, 1.e., 44 grams, as a non-limiting example, that >
does not change as the engine 12 and/or vehicle 10 and/or the
exhaust 14 operates. The fixed limit for the ranked hybnd
model 34 may be stored 1in the memory location 235 at step
110. It should be appreciated that the static limit may be
selectively varied within the memory location 25, as desired, 25
when preloading the memory location 25. Additionally, it
should also be appreciated that the limits for each of the
hybrid models 32 and the ranked hybrid model 34 may be set
and/or varied 1in other ways, as known to those skilled in the
art. 30

In order to determine whether one of the plurality of hybrid
models 32 or the ranked hybrid model 34 has reached the
respective limit, the soot estimation value for each of the
plurality of hybrid models 32 and the ranked hybrid model 34
may be subtracted from the respective limit by the controller 35
26 to determine a difference that corresponds to each of the
plurality of hybrid models 32 and the ranked hybrid model 34
at step 130.

Referring to FIGS. 2 and 3, a determination 1s made at step
132 as to whether the difference corresponding to any of the 40
plurality of hybrid models 32 and the ranked hybrid model 34
1s substantially equal to a value. In one embodiment, the value
1s substantially equal to zero. The first of the plurality of
hybrid models 32 or the ranked hybrid model 34 to reach the
value means that the respective limit has been reached. 45

If 1t 1s determined that none of the plurality of hybrnd
models 32 or the ranked hybrid model 34 1s substantially
equal to the respective limit at step 132, the respective soot
estimation values for each of the plurality oThybrid models 32
and the ranked hybrid model 34 are temporarily stored 1n the 50
memory location 25 at step 134 as the temporarily stored soot
estimation values that correspond to the previous operating
point 30. Steps 114-132 are repeated until the limit 1s reached
by one of the plurality of hybrid models 32 or the ranked
hybrid model 34. 55

The first of the plurality of hybrid models 32 or the ranked
hybrid model 34 to reach the respective limit 1s selected at
step 136 as providing the most accurate soot estimation value
between the previous pair of operating points 28, 30. The
selection may be made by the controller 26. However, 1t 60
should be appreciated that the selection may be made 1n any
other way, as known to those skilled 1n the art.

The selected one of the plurality of hybrid models 32 and
the ranked hybrid model 34 has a respective selected soot
estimation value. At step 138, the selected soot estimation 65
value 1s temporarily stored in the memory location 25 that
corresponds to each of the plurality of hybrid models 32 and
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the ranked hybrid model 34 to be used as an initial soot
estimation value during the unloading mode, explained 1n
more detail below.

Referring to FIG. 3, when the limit 1s achieved by one of the
plurality of hybrid models 32 or the ranked hybrid model 34
at step 132, the particulate filter 18 1s considered to be full of
particulate matter such that regeneration 1s required. When
the limit 1s reached, 1t 1s time for the particulate filter 18 to be
cleaned or “unloaded” and the unloading mode 1s selected at
step 112. The selection of the unloading mode at step 112 may
be made by the controller 26. However, 1t should be appreci-
ated that the unloading mode may be selected 1n any other
way, as known by those skilled in the art.

The method of determining the soot estimation values for
steps 114-124 during the unloading mode are the same,
whether the loading mode or the unloading mode has been
selected at step 112, as shown 1 FIGS. 2 and 3. The only
difference 1s the plurality of hybrid models 32 that are used to
make the estimation. However, at step 126 in FIG. 3, when the
determination 1s made that the unloading mode was selected
at step 112, step 140 1s initiated. Step 140 determines whether
the engine 12 has operated a duration to regenerate the par-
ticulate filter 18. The duration may be a predetermined
amount of time, mileage, amount of soot or particulate matter
burned, or any other duration known to those skilled in the art.

I 1t 1s determined at step 140 that the duration has not been
achieved, step 142 1s 1nitiated and the respective soot estima-
tion values for each of the plurality of hybrid models 32 and
the ranked hybrid model 34 are temporarily stored 1n the
memory location 25 at step 142. Steps 114-126 and 140 are
repeated until 1t 1s determined that the duration has been
reached.

When it 1s determined at step 140 that the duration has been
reached, step 144 1s in1tiated. In step 144, a determined quan-
tity of soot removed from the particulate filter 18 during
regeneration in the unloading mode 1s subtracted from the

cumulative soot estimation values for each of the plurality of
hybrid models 32 and the ranked hybrid model 34 that were
stored 1n the memory location 25 at step 142 or preloaded 1n
the memory location 25 at step 110 to provide a new cumu-
lative soot estimation value for each of the plurality of hybnd
models 32 and the ranked hybrid model 34.

The new cumulative soot estimation value for each of the
plurality of hybrid models 32 and the ranked hybrid model 34
are stored in the memory location 23 at step 146.

While the best modes for carrying out the invention have
been described 1n detail, those familiar with the art to which
this mvention relates will recognize various alternative
designs and embodiments for practicing the invention within
the scope of the appended claims.

The mvention claimed 1s:
1. A method of estimating an amount of particulate matter
accumulated 1n a particulate filter of an exhaust system, the
method comprising:
imtializing a control processor, including preloading a
memory location with a plurality of hybrid models;

wherein each of the plurality of hybrid models 1s config-
ured to estimate an amount of particulate matter accu-
mulated 1n the particulate filter between a pair of oper-
ating points, as a function of at least one operating
condition;

temporarily storing 1n the memory location a soot estima-

tion value corresponding to an estimated amount of par-
ticulate matter accumulated 1n the particulate filter;
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estimating, at one of the pair of operating points, an amount
ol particulate matter accumulated 1n the particulate filter
between the pair of operating points for each of the
plurality of hybrid models;

adding, via the control processor, each of the estimated

amounts ol particulate matter accumulated 1n the par-
ticulate filter between the pair of operating points to the
soot estimation values stored in the corresponding
memory location for each of the plurality of hybrid
models to provide a soot estimation value of a cumula-
tive estimated amount of particulate matter contained in
the particulate filter for each of the plurality of hybrid
models;

selecting one of the plurality of hybrid models;

adding the estimated amount of particulate matter accumu-

lated 1n the particulate filter between the pair of operat-
ing points of the selected one of the plurality of hybrnd
models to the soot estimation value stored 1n the memory
location that corresponds to a ranked hybrid model to
provide a soot estimation value of a cumulative esti-
mated amount of particulate matter contained in the
particulate filter for the ranked hybrid model; and
regenerating the particulate filter based on one of the plu-
rality of hybrid models and the ranked hybrid model.

2. A method, as set forth 1n claim 1, wherein estimating an
amount of particulate matter accumulated 1n the particulate
filter between the pair of operating points for each of the
plurality of hybrid models 1s further defined as estimating a
rate of accumulation of particulate matter i the particulate
filter between the pair of operating points for each of the
plurality of hybrid models; and

integrating the estimated rate of accumulation of particu-

late matter 1n the particulate filter to provide an esti-
mated amount of particulate matter accumulated 1n the
particulate filter between the pair of operating points for
cach of the plurality of hybrid models.

3. A method, as set forth 1n claim 1, further comprising:

selecting one of the plurality of hybrid models and the

ranked hybrid model;

wherein the selected one of the plurality of the hybnd

models and the ranked hybrid model includes the corre-
sponding cumulative soot estimation value of particulate
matter accumulated 1n the particulate filter.

4. A method, as set forth 1n claim 3, further comprising
temporarily storing in the memory location the soot estima-
tion value corresponding to the selected one of the plurality of
hybrid models and the ranked hybrid model.

5. A method, as set forth 1n claim 3, further comprising:

assigning a limit for each of the plurality of hybrid models;

assigning a limait for the ranked hybrid model;

comparing the soot estimation value of particulate matter

for each of the plurality of hybrid models and the ranked
hybrid model to the respective limat;
determining 1f one of the plurality of hybrid models and the
ranked model has reached the respective limit; and

wherein selecting one of the plurality of hybrid models and
the ranked model 1s further defined as selecting the one
of the plurality of hybrid models and the ranked model
that 1s determined to be the first to reach the respective
limit.

6. A method, as set forth 1n claim 5, wherein assigning a
limit for each of the plurality of hybrid models 1s further
defined as determining one of static and a dynamic limit for
cach of the plurality of hybrid models as a function of at least
one of the operating conditions.

7. A method, as set forth in claim 5, wherein 1imitializing a
control processor 1s further defined as mitializing a control
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processor, mcluding at least one of preloading a memory
location with a plurality of hybrid models corresponding to a
loading model and preloading the memory location with a
plurality of hybrid models corresponding to an unloading
model.

8. A method, as set forth 1n claim 7, further comprising:

ranking each of the plurality of hybrid models;

wherein ranking 1s a function of at least one operating

condition;

determining the one of the plurality of hybrid models hav-

ing the highest ranking; and

wherein selecting one of the plurality of hybrid models 1s

further defined as selecting the one of the plurality of
hybrid models determined to have the highest ranking.

9. A method, as set forth in claim 8, further comprising
choosing one of the loading model and the unloading model;

wherein estimating, at one of the operating points, an

amount of particulate matter accumulated 1n the particu-
late filter between the operating points for each of the
plurality of hybrid models 1s further defined as estimat-
ing, at one of the operating points, an amount of particu-
late matter accumulated in the particulate filter between
the operating points for each of the plurality of hybnd
models corresponding to the chosen one of the loading
model and the unloading model.

10. A method, as set forth 1 claim 5, further comprising
temporarily storing the respective soot estimation values
associated with each of the plurality of hybrid models and the
ranked hybrid model in the memory location when none of

the plurality of hybrid models and the ranked hybrid model

has reached the respective limit.

11. A method, as set forth 1n claim 10, further comprising;:

subtracting the sum total estimated value for each of the

plurality of hybrid models and the ranked hybrid model
from the respective limits to determine a difference cor-
responding to each of the plurality of hybrid models and
the ranked hybrid model;

wherein determining 1f at least one of the plurality of

hybrid models and the ranked hybrid model has reached
the respective limit 1s further defined as determining 11
the difference corresponding to any of the plurality of
hybrid models and the ranked hybrid model 1s substan-
tially equal to a value; and

wherein selecting the one of the plurality of hybrid models

and the ranked hybrid model that 1s determined to be the
first to reach the respective limit 1s further defined as
selecting the one of the plurality of hybrid models and
the ranked hybrid model that 1s determined to be the first
to reach the value.

12. A method, as set forth 1n claim 11, wherein the value 1s
substantially equal to zero.

13. A method, as set forth 1n claim 11, wherein temporarily
storing the respective soot estimation values for each of the
plurality of hybrid models and the ranked hybrid model in the
memory location when none of the plurality of hybrid models
and the ranked hybrid model has reached the respective limait
1s Turther defined as temporarily storing the respective soot
estimation values for each of the plurality of hybrid models
and the ranked hybrid model in the memory location when
none of the plurality of hybrid models and the ranked hybrid
model 1s substantially equal to the value.

14. A method of estimating an accumulation of particulate
matter 1 a particulate filter operatively connected to an
engine of a vehicle having an exhaust system, the method
comprising;

operating the engine;
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initializing a control processor, including preloading a
memory location with a plurality of hybrid models;

wherein each of the plurality of hybrid models 1s config-
ured to estimate an amount of particulate matter accu-
mulated 1n the particulate filter between a pair of oper-
ating points of the engine, as a function of at least one
operating condition of at least one of the engine, the
vehicle, and the exhaust system:;

temporarily storing in the memory location a soot estima-
tion value corresponding to an estimated amount of par-
ticulate matter accumulated 1n the particulate filter;

estimating, at one of the pair of operating points, an amount
of particulate matter accumulated 1n the particulate filter
between the pair of operating points for each of the
plurality of hybrid models;

adding each of the estimated amounts of particulate matter
accumulated in the particulate filter between the pair of
operating points to the soot estimation values stored 1n
the corresponding memory location for each of the plu-
rality of hybrid models to provide a soot estimation
value of a cumulative estimated amount of particulate
matter contained 1n the particulate filter for each of the
plurality of hybrid models;

selecting one of the plurality of hybrid models;

adding the estimated amount of particulate matter accumu-
lated 1n the particulate filter between the pair of operat-
ing points of the selected one of the plurality of hybnid
models to the soot estimation value stored 1n the memory
location that corresponds to a ranked hybrid model to
provide a soot estimation value of a cumulative esti-
mated amount of particulate matter contained in the
particulate filter for the ranked hybrid model; and

regenerating the particulate filter based on one of the plu-
rality of hybrid models and the ranked hybrid model.

15. A method, as set forth in claim 14, further comprising:

assigning a limit for each of the plurality of hybrid models;

assigning a limait for the ranked hybrid model;

comparing the soot estimation value of particulate matter
for each of the plurality of hybrid models and the ranked
hybrid model to the respective limut;

determining 1f one of the plurality of hybrid models and the

ranked model has reached the respective limut;

selecting one of the plurality of hybrid models and the
ranked hybrid model;

wherein the selected one of the plurality of the hybnd
models and the ranked hybrid model includes the corre-
sponding cumulative soot estimation value of particulate
matter accumulated 1n the particulate filter;

temporarily storing 1n the memory location the soot esti-
mation value corresponding only to the selected one of
the plurality of hybrid models and the ranked hybrid
model when one of the plurality of hybrid models and
the ranked hybrid model 1s determined to have reached
the respective limit; and

temporarily storing the soot estimation values associated
with each of the plurality of hybrid models and the
ranked hybrid model in the memory location when none
of the plurality of hybrid models and the ranked hybrnd
model has reached the respective limat.

16. A method, as set forth in claim 15, turther comprising:

ranking each of the plurality of hybrid models;

wherein ranking 1s a function of at least one operating
condition;

determining the one of the plurality of hybrid models hav-
ing the highest ranking; and
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wherein selecting one of the plurality of hybrid models 1s
further defined as selecting the one of the plurality of
hybrid models determined to have the highest ranking.

17. A method, as set forth 1n claim 15, wherein mnitializing
a control processor 1s further defined as initializing a control
processor, including preloading a memory location with a
plurality of hybrid models corresponding to a loading model
and preloading the memory location with a plurality of hybnd
models corresponding to an unloading mode;

wherein the method further comprises choosing one of the
loading model and the unloading model;

wherein estimating, at one of the operating points, an
amount of particulate matter accumulated 1n the particu-
late filter between the operating points for each of the
plurality of hybrid models 1s further defined as estimat-
ing, at one of the operating points, an amount of particu-
late matter accumulated in the particulate filter between
the operating points for each of the plurality of hybnd
models corresponding to the chosen one of the loading
model and the unloading model.

18. A method, as set forth 1n claim 17, further comprising
regenerating the particulate filter when one of the plurality of
hybrid models and the ranked hybrid model are determined to
have reached the respective limut.

19. A method, as set forth in claim 18, wherein regenerat-
ing the particulate filter 1s further defined as regenerating the
particulate filter for a duration to reduce the amount of par-
ticulate matter 1n the particulate filter.

20. A vehicle comprising;:

an engine;

an exhaust system, including a particulate filter operatively
connected to the engine and configured for collecting
particulate matter exhausted from the engine;

a particulate estimation system configured for estimating a
mass of particulate matter accumulated in the particulate
filter, the particulate estimation system including;:

a memory device configured for storing at least one soot
estimation value and a plurality of hybrid models; and
a control processor operable for:

preloading a memory location with a plurality of
hybrid models;

wherein each of the plurality of hybrid models 1s
configured to estimate an amount of particulate
matter accumulated 1n the particulate filter between
a pair ol operating points of the engine, as a func-
tion of at least one operating condition of the
engine;

temporarily storing in the memory location a soot
estimation value corresponding to an estimated
amount of particulate matter accumulated 1n the
particulate filter;

estimating, at one of the pair of operating points, an
amount of particulate matter accumulated 1n the
particulate filter between the pair of operating
points for each of the plurality of hybrid models;

adding each of the estimated amounts of particulate
matter accumulated 1n the particulate filter between
the pair of operating points to the soot estimation
values stored 1n the corresponding memory loca-
tion for each of the plurality of hybrid models to
provide a soot estimation value of a cumulative
estimated amount of particulate matter contained
in the particulate filter for each of the plurality of
hybrid models;

selecting one of the plurality of hybrid models; and

adding the estimated amount of particulate matter
accumulated 1n the particulate filter between the
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pair of operating points of the selected one of the
plurality of hybrid models to the soot estimation
value stored in the memory location that corre-
sponds to a ranked hybrid model to provide a soot
estimation value of a cumulative estimated amount 53

of particulate matter contained 1n the particulate
filter for the ranked hybrid model.
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